Background: Reports on the incidence and prognoses of lung metastases when diagnosing breast cancer patients with different subtypes are limited. Our study investigated the effect of molecular sub-typing stratification on the prognoses of lung metastatic breast caner patients. Methods: Patients with breast cancer and lung metastases were identified from Surveillance, Epidemiology and End Results population-based data between 2010 and 2015. Univariate and multivariate Cox regression analyses were performed to identify risk factors and prognoses, overall survival (OS) and breast cancer-specific survival for patients with breast cancer lung metastases. Results: We identified 6,516 patients with lung metastatic breast cancer, representing 1.7% of the entire cohort and 30.4% of the subset with metastatic disease. This included 2,940 hormone receptor (HR)+/HER2− patients, 852 HR+/HER2+ patients, 547 HR−/HER2+ patients and 983 triple-negative patients. The median OS for all lung metastatic patients was 13 months. Multivariate analysis revealed that those lung metastatic breast cancer patients of older age (>80), black race, with poorly differentiated tumors, carcinoma histology, triple-negative subtype, more metastatic sites and no surgery, and no chemotherapy showed significantly poor survival, both overall and breast cancer-specific. Conclusions: Our findings show that molecular sub-type and more metastatic sites might have significant influence on the incidence and prognosis of breast cancer lung metastases. We also identified several prognostic factors that could guide therapy selection in the treatment of lung metastatic patients.
INTRODUCTION
Breast carcinoma is the most common cancer diagnosed among women worldwide, with more than one in 10 new breast cancer cases occurring each year. After lung cancer, it is the second leading cause of cancer-related mortality among females (DeSantis et al., 2017; Ferlay et al., 2015) . Moreover, metastatic disease, or the spread of tumor cells throughout the body, is responsible for the great majority of breast cancer patient deaths (Redig & McAllister, 2013; Scully et al., 2012; Yousefi et al., 2018) . It has been reported that about 20-30% of patients develop metastatic disease when diagnosed with early breast cancer (Early Breast Cancer Trialists' Collaborative Group, 2005; Soni et al., 2015) . Breast cancer has a propensity for specific organs, most frequently bone and lung and in a lower extents, the liver and brain (Landemaine et al., 2008; Minn et al., 2005; Soni et al., 2015) . A previous study showed that approximately 60% of breast cancer patients suffered lung or bone metastasis in their life (Gennari et al., 2005) .
Breast cancer lung metastatic patients have a median survival rate of only 22 months after treatment, indicating poor prognoses (Smid et al., 2008) . It has been reported that 60-70% of breast cancer patients who eventually died were diagnosed with lung metastasis (Jin et al., 2018) . Although a variety of available treatments for lung metastasis are being improved, such as radiotherapy, chemotherapy, or targeted therapy, the survival rate for lung metastatic patients remains very low. This seriously endangers the patient's quality of life and even life expectancy.
The main subtypes of breast cancer are divided by the expression statuses of three tumor markers evaluated comprehensively and routinely because of their application in guiding clinical treatment: estrogen receptor, progesterone receptor and human epidermal growth factor 2-neu (HER2). Among all breast cancers, approximately 75% of cases are classified as hormone receptor-positive (HR+; ER+ and/or the PR+) and HER2-negative (Howlader et al., 2014 ) and the statuses of ER and PR are predicted by the response to endocrine therapy (Ali, Buluwela & Coombes, 2011) . HER2-positive cases represent 20% of breast cancers and show more aggressive clinical outcome because of restrictions on the application of chemotherapy (Awada et al., 2016) . Additionally, triple negative breast cancers (TNBC), where there is an absence of ER, PR, and HRE2, account for 10-15% of all breast cancer cases. Compared with other breast cancer subtypes, TNBC is characterized by early relapse and aggressive behavior, with HER2-positive metastatic breast cancer specifically considered an incurable disease with the worst prognosis (Omarini et al., 2018) .
Metastatic breast cancer patients with various molecular subtypes have different clinical characteristics and prognoses, and the treatments they receive are also different. Patients with lung metastases account for a great proportion of metastatic breast cancer cases, and the influence of different tumor subtypes on the survival of lung metastatic patients is not clear. Therefore, it is necessary to analyze prognostic factors and survival outcomes for lung metastatic breast cancer patients in order to provide some basis for clinical treatment.
The purpose of this study was to use surveillance, epidemiology, and end results (SEER) population-based data to characterize the incidence of lung metastases at the time of initial diagnosis among stage IV breast cancer patients. We also assessed related risk factors and survival outcomes to improve the prognosis of lung metastatic breast cancer and reduce the occurrence of lung metastasis.
MATERIALS AND METHODS

Data source and study design
The population-based data were obtained from SEER, and included cancer incidence and survival data from 18 registries. Within the SEER database, we extracted 379,261 patients who were diagnosed with breast cancer between 1st January 2010 and 31st December 2015. We then generated a cohort of 21,435 stage IV breast cancer patients. Of these, 6,516 patients were diagnosed with lung metastases. We excluded patients who were diagnosed at autopsy or by death certificate, as well as patients whose follow-up times were unknown. Finally, we identified 5,760 patients eligible for survival analysis. This study was exempted by the Ethics Committee of the First Affiliated Hospital of Xi'an Jiaotong University, because all data extracted from the publicly available SEER database were free and recognized as nonhuman studies (Cao et al., 2019; Ye et al., 2019) .
Patients were classified by breast cancer molecular subtypes: HR-positive/HER2-negative (HR+/HER2−), HR-positive/HER2-positive (HR+/HER2+), HR-negative/HER2-positive (HR−/HER2+) and triple-negative (HR-negative/HER2-negative). Study variables included age at diagnosis, gender, race, marital status, tumor sites, tumor grade, histology, number of other metastatic sites, surgery, radiation therapy, chemotherapy, and vital status. Other sites of metastasis were defined as different metastasis at initial diagnosis of bone, liver, or brain.
Statistical analysis
Clinical characteristics of the different subtypes were compared with chi-square or Fisher's exact tests. We used the Kaplan-Meier method to estimate survival probabilities and to generate survival curves within various subtypes and the number of other metastatic sites. A Cox proportional hazards regression was conducted to identify the independent association of variables with overall survival (OS) and BCSS in lung metastatic patients. Hazard ratios and 95% confidence intervals (95% CIs) were calculated using the Cox model. All P values of 0.05 or less were considered statistically significant, and P values were two-tailed. Statistical analyses were performed using SPSS statistical software (version 24.0; IBM Corporation, Armonk, NY, USA).
RESULTS
Incidence
A total of 379,261 patients diagnosed with breast cancer were classified by different subtypes to analyze incidence and median survival between 2010 and 2015 (Table 1). In the entire cohort, the 6,516 patients diagnosed with lung metastases accounted for 1.7% of the entire cohort, and 30.4% of the subset with metastatic disease. Of these, the incidence proportions were higher among patients with HR−/HER2+ molecular subtype (3.5% of the entire cohort and 35.1% of the metastatic subgroup) and triple-negative subtype (2.5% of the entire cohort and 39.7% of the metastatic subgroup).
We assessed the distribution of clinical characteristics of lung metastatic patients according to their molecular subtypes. There were significant differences among the entire cohort ( Table 2 ). The lung metastatic patients from the HR+/HER2− subtype showed older age at diagnosis (P < 0.001), lower-grade tumors (P < 0.001), high proportions of lobular histology (P < 0.001) and two metastatic sites at initial diagnosis (P < 0.001).
Patients with the HR+/HER2+ subtype had high proportions of ductal histology (P < 0.001), three metastatic sites at initial diagnosis (P < 0.001) and more survivors (P < 0.001). The HR−/HER2+ cases were aged younger at diagnosis (P < 0.001), had four metastatic sites at initial diagnosis (P < 0.001) and high proportions of undergoing chemotherapy (P < 0.001). Patients with triple-negative subtype, by contrast, had higher-grade tumors (P < 0.001) and higher proportions of receiving surgery and radiation (P < 0.001). The triple-negative patients also had higher rates of lung metastases and poorer survival rates (P < 0.001).
Survival
The median survival among lung metastatic patients was 13 months, and the 3-year and 5-year survival rates of these patients were 33.9% and 17.8%, respectively (Fig. 1 ). Among the four subtypes shown in Fig. 2 , patients with the HR+/HER2+ subtype had the longest median survival (17 months), and their 3-year and 5-year survival rates were 45.4% and 30.2%, respectively. Triple-negative subtypes had the shortest median survival (8 months), and their 3-year and 5-year survival rates were 10.9% and 5.6%, respectively. Moreover, an exploratory analysis of OS according to the number of metastatic tumor sites showed significant differences among lung metastatic patients. The cases with only lung metastases had longer median survival (15 months) compared with patients with four metastasis sites at initial diagnosis (6 months). The 3-year survival rate of patients with only lung metastases and four metastasis sites were 40.1% and 17.1%, and the 5-year survival rate of these were 22.3% and 9.8%, respectively (Fig. 3) .
We used a Cox proportional hazards model to investigate prognostic factors for OS and BCSS using univariate and multivariate analysis. In the univariate model for OS, patients with poor prognoses were older (age >80; HR, 2.418; (95% CI [2.022-2.893]); P < 0.001), black (HR, 1.253; (95% CI [1.152-1.363]); P < 0.001), had tumor grade III (HR, 1.890; (95% CI [1.557-2.294]); P < 0.001), were triple-negative subtype (HR, 2.353; (95% CI [2.145-2.581]); P < 0.001) and had four metastasis sites at initial diagnosis (HR, 2.345; Table 2 The clinical characteristics of patients with lung metastases according to tumor subtypes.
Patients characteristics
Tumor subtypes P value HR+/HER2− HR+/HER2+ HR−/HER2+ Triple-negative Unknown Total (Table 3) . Furthermore, using multivariate analysis, we found that the dependent prognostic factors for OS were older age, black race, tumor grade III, triple-negative subtype, having four metastasis sites at initial diagnosis, non-surgery, and not receiving chemotherapy. The results for BCSS exhibited a similar trend (Table 4 ). 
DISCUSSION
Lung metastasis is the most frequent type of breast cancer metastasis after bone metastasis. Few symptoms usually emerge until after the lungs have been replaced by metastatic tumor cells (Rashid & Takabe, 2012; Yousefi et al., 2018) . Because it is difficult to discover from the surface, lung metastasis has been a huge challenge in the treatment of breast cancer patients. On account of the particularity of breast cancer, treatments are different based on the various molecular subtypes (Smid et al., 2008) . Current treatment strategies, including surgical resection, chemotherapy and/or radiotherapy, provide relief rather than cure, especially for patients diagnosed with Stage IV disease (Redig & McAllister, 2013) . In this study, lung metastatic patients diagnosed initially with breast cancer were classified by different tumor subtypes, and their incidence and dependent prognostic factors were explored. We identified 6,516 patients with lung metastases with initially diagnosed breast cancer, accounting for 1.7% of the entire cohort and 30.4% of metastatic disease subgroups, respectively. Similarly, Savci-Heijink et al. (2015) reported that lung metastases accounted for 31.4% of all metastases in breast cancer. Our results suggested that the incidence proportion of lung metastases was higher among patients with triple-negative and HR−/HER2+ subtypes. The incidence of lung metastasis was also shown to reach up to 40% in triple-negative breast cancer compared with only 20% in nontriple-negative breast cancer, and our results were similar to previous studies (Jin et al., 2018; Kim, Jung & Koo, 2014; Soni et al., 2015) . In the present study, median survival from breast cancer diagnoses obviously varied by subtype, ranging from 8 months in triple-negative patients to 17 months in HR+/HER2+ patients. The median survival of all lung metastatic patients was 13 months, which was shorter than the 22 or 32 months reported in lung metastatic patients after treatment or metastasectomy in previous studies (Jin et al., 2018; Macherey et al., 2017; Welter et al., 2008) . Although patients with lung metastases had poor prognoses, it was noteworthy that the 3-year and 5-year survival rate of patients was up to 33.9% and 17.8%, respectively. Prior studies have shown that the 5-year survival rate of lung metastatic patients from the first pulmonary metastasectomy was 36% or 30.8% (Macherey et al., 2017; Welter et al., 2008) . Few studies have been able to reveal the association between the survival rate of breast cancer patients with lung metastases and various molecular subtypes. However, our study identified that patients with HR+/HER2+ subtype showed the longest OS, and the 5-year survival rate was up to 30.2%. These findings were similar to a previous report on metastatic breast cancer (Lobbezoo et al., 2013) . We found that the triple-negative subtype had the worst prognosis, and its 5-year survival rate was only 5.6%. Sundquist, Brudin & Tejler (2017) found that only 23% of patients with metastatic breast cancer of the triple-negative subtype survived 2 years or longer. The great differences in prognoses observed in all tumor subtypes demonstrates that breast cancer is a heterogeneous disease. In our study, we saw that patients with lung metastases only showed a lower risk of death than cases with four metastatic sites at initial diagnosis, indicating that there is a significant reduction in OS as the number of involved sites increases. Our findings were similar to previous reports on the impact of metastatic sites on the OS of breast cancer patients (Leone et al., 2017) . Additionally, some comprehensive studies of four metastatic sites (bone, lung, liver and brain) suggested that patients with brain metastases had significantly poor survival when compared with patients with other metastases (Gong et al., 2017; Leone et al., 2017; Wang et al., 2017) . Our results revealed that older age, black race, advanced tumor grade, triple-negative subtype and number of metastasis sites were all independent risk factors. We also found the hormone receptor status was a vital prognostic factor that should not be ignored. Patients with HR−/HER2+ subtypes did not show a survival advantage when compared with HR+/HER2+ patients. This may be because endocrine therapy plays a significant role in ER-positive patients with breast cancer. Endocrine therapy could improve disease control, symptom relief, and quality of life in most hormone-receptor positive metastatic breast cancer patients (El Saghir et al., 2011) . Additionally, chemotherapy combined with endocrine therapy could be significantly better than endocrine therapy alone for these patients (Early Breast Cancer Trialists' Collaborative Group, 2005) . Chemotherapy is generally used to periodically treat metastatic breast cancer patients with negative hormonal receptors because of its acceptable and reversible toxicity on normal cells (El Saghir et al., 2011) . Triple-negative breast cancer does not respond to hormone therapy or other available targeted agents, and so chemotherapy became the mainstay in the treatment of patients with breast cancer (Hudis & Gianni, 2011) . Because of the unique molecular profile, aggressive behavior of the cancer, and easy relapse in triple-negative patients, more clinical trials are developing and applying targeted drugs, such as epidermal growth factor receptor, vascular endothelial growth factor and poly (ADP-ribose) polymerase (PARP) inhibitors (Anders & Carey, 2008; Andre & Zielinski, 2012) . We hope more possibilities for a metastatic breast cancer cure can developed in the near future. Some limitations exist in our research. First, the SEER database does not include information on disease recurrence or subsequent lung metastases. Thus, we could only depict the presence or absence of lung metastases at initial diagnosis, and not comment on patients who developed lung metastases during disease progression. Second, our study was not able to investigate the impact of lung-directed treatment (such as pulmonary metastasectomy or endocrine therapy) on the prognoses of patients, because the public SEER database does not provide this information. Further studies using alternative data should be performed to address this significant point. Third, other metastasis sites such as lymph nodes, peritoneum, pleura or skin which may be helpful in analyzing the prognoses of metastatic breast cancer, were not collected in our study. Fourth, the retrospective nature of the study has an inherent bias.
CONCLUSIONS
Our research provides crucial insight into the incidence, prognostic assessment, and risk stratification of breast cancer with lung metastases, enriching the study of the epidemiology of this occurrence. The tumor molecular subtypes and specific sites of extrapulmonary metastases could be used for prognostic evaluation in other prospective studies, and will provide guidance in the early diagnosis and effective treatment of lung metastases in breast cancer.
